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(57) ABSTRACT 
A liquid aerosol formulation comprising at least one ther 
mally stable active ingredient selected from the group con 
sisting of buspirone, buprenorphine, triaZolam, cyclobenZa 
prine, Zolpidem, pharmaceutically acceptable salts and 
esters thereof and derivatives thereof. The liquid formula 
tion can include an organic solvent such as propylene glycol 
and one or more optional eXcipients. The active ingredient 

(21) Appl, No; 10/734,150 can be present in an amount of 0.01 to 5 Wt. % and the 
formulation can be heated to provide a vapor Which forms an 
aerosol having a mass median aerodynamic diameter of less 

(22) Filed: Dec. 15, 2003 than 3 pm. 
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AEROSOL FORMULATIONS AND AEROSOL 
DELIVERY OF BUSPIRONE, BUPRENORPHINE, 

TRIAZOLAM, CYCLOBENZAPRINE AND 
ZOLPIDEM 

1. FIELD OF THE INVENTION 

[0001] The invention relates generally to an liquid aerosol 
formulation. More speci?cally, the invention relates to a 
liquid aerosol formulation comprising at least one thermally 
stable active ingredient selected from the group consisting of 
buspirone, buprenorphine, triaZolam, cyclobenZaprine, 
Zolpidem, pharmaceutically acceptable salts and esters 
thereof and derivatives thereof. The invention further relates 
to aerosol generating devices and methods for generating 
aerosols. 

2. BACKGROUND OF THE INVENTION 

[0002] Aerosols are gaseous suspensions of ?ne solid or 
liquid particles. Aerosols are useful in a Wide variety of 
applications. For example, medicated liquids may be admin 
istered in aerosol form. Medicated aerosols include materi 
als that are useful in the treatment of respiratory ailments. In 
such applications, the aerosols may be produced by an 
aerosol generator and inhaled into a patient’s lungs. 

[0003] Aerosol generators are knoWn that include a heated 
tube for vaporiZing liquid. For eXample, commonly assigned 
US. Pat. No. 5,743,251, Which is incorporated herein by 
reference in its entirety, discloses an aerosol generator 
including a tube and a heater operable to heat the tube to a 
sufficient temperature to volatiliZe liquid in the tube. It is 
disclosed that the volatiliZed material eXpands out of an end 
of the tube and admiXes With ambient air, thereby forming 
an aerosol. 

[0004] Other aerosol generators including a heated tube 
for vaporiZing liquids to produce an aerosol are described in 
commonly-assigned US. Pat. No. 6,234,167, US. patent 
application Ser. No. 09/956,966 ?led Sep. 21, 2001 and Ser. 
No. 10/003,437 ?led Dec. 6, 2001 and US. Provisional 
Application No. 60/408,894, ?led Sep. 6, 2002, each being 
incorporated herein by reference in its entirety. 

3. SUMMARY OF THE INVENTION 

[0005] One embodiment of the invention provides a liquid 
aerosol formulation comprising at least one thermally stable 
active ingredient selected from the group consisting of 
buspirone, buprenorphine, triaZolam, cyclobenZaprine, 
Zolpidem, pharmaceutically acceptable salts and esters 
thereof and derivatives thereof. The formulation may con 
tain any desired amount of the active ingredient. In a 
preferred embodiment, the formulation may contain 0.01 to 
5% by Weight of the thermally stable active ingredient. 

[0006] The liquid aerosol formulation may further com 
prise an organic solvent. The organic solvent may be, but is 
not limited to a short chain (C1-C6) alcohol. The short chain 
(C1-C6) alcohol may be, but is not limited to, glycerin, 
ethylene glycol, diethylene glycol, propylene glycol, n-pro 
pyl alcohol, isopropyl alcohol, butanol, ethanol, sorbitol, 
dipropylene glycol, tripropylene glycol, and heXylene gly 
col. Preferably, the organic solvent is propylene glycol or 
dipropylene glycol. 
[0007] The liquid aerosol formulation may further com 
prise at least one pharmaceutically acceptable eXcipient. The 
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eXcipient may be, but is not limited to, antioxidants, stabi 
liZing agents, ?avoring agents, solubiliZers, cosolvents, pre 
servatives and combinations thereof. Preferably, the cosol 
vent is ethanol, Water, glycerol and/or diethyl ether. 
Preferably, the solubiliZer is ethanol, isopropanol, butanol, 
benZyl alcohol, ethylene glycol, butanediols and isomers 
thereof, glycerol, pentaerythritol, sorbitol, mannitol, tran 
scutol, dimethyl isosorbide, polyethylene glycol, polypro 
pylene glycol, polyvinylalcohol, hydroXypropyl methylcel 
lulose and other cellulose derivatives, cyclodeXtrins and 
cyclodeXtrin derivatives, and/or miXtures thereof. 

[0008] In a preferred embodiment, the thermally stable 
active ingredient comprises buspirone and the organic sol 
vent is propylene glycol. 

[0009] In a preferred embodiment, the thermally stable 
active ingredient comprises buprenorphine and the organic 
solvent is propylene glycol. 

[0010] In a preferred embodiment, the thermally stable 
active ingredient comprises triaZolam and the organic sol 
vent is propylene glycol. 

[0011] In a preferred embodiment, the thermally stable 
active ingredient comprises cyclobenZaprine and the organic 
solvent is propylene glycol. 

[0012] In a preferred embodiment, the thermally stable 
active ingredient comprises Zolpidem and the organic sol 
vent is propylene glycol. 

[0013] According to one embodiment, the invention pro 
vides a method of generating an aerosol comprising supply 
ing a liquid aerosol formulation to a How passage, heating 
the liquid aerosol formulation in the How passage so as to 
volatiliZe a liquid component thereof and form a vapor 
Which eXits from an outlet of the How passage, and contact 
ing the vapor With a gaseous medium so as to form an 
aerosol, Wherein the liquid aerosol formulation includes at 
least one thermally stable active ingredient selected from the 
group consisting of buspirone, buprenorphine, triaZolam, 
cyclobenZaprine, Zolpidem, pharmaceutically acceptable 
salts and esters thereof. For drug delivery, the liquid aerosol 
formulation preferably comprises particles of propylene 
glycol having a mass median aerodynamic diameter 
(MMAD) of less than 3 pm. The liquid aerosol formulation 
may further include at least one thermally stable active 
ingredient and the aerosol comprises particles of the ther 
mally stable active ingredient having an MMAD of less than 
3 pm. 

[0014] In a preferred embodiment, the thermally stable 
active ingredient comprises buspirone and the aerosol com 
prises buspirone particles having an MMAD of less than 3 
pm. 

[0015] In a preferred embodiment, the thermally stable 
active ingredient comprises buprenorphine and the aerosol 
comprises buprenorphine particles having an MMAD of less 
than 3 pm. 

[0016] In a preferred embodiment, the thermally stable 
active ingredient comprises triaZolam and the aerosol com 
prises triaZolam particles having an MMAD of less than 3 
pm. 

[0017] In a preferred embodiment, the thermally stable 
active ingredient comprises cyclobenZaprine and the aerosol 
comprises cyclobenZaprine particles having an MMAD of 
less than 3 pm. 
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[0018] In a preferred embodiment, the thermally stable 
active ingredient comprises Zolpidem and the aerosol com 
prises Zolpidem particles having an MMAD of less than 3 
pm. 

[0019] In a preferred embodiment, the flow passage is a 
capillary siZed flow passage and the aerosol is formed in a 
mouthpiece of a handheld inhaler. The aerosol may include 
particles of the thermally stable active ingredient having an 
MMAD of 0.1 to 2.5 pm and the aerosol preferably has a 
recovery rate of at least 90% during generation of the 
aerosol. Preferably, the flow passage is heated by a resis 
tance heater located in a handheld inhaler, the inhaler 
including a poWer supply and control electronics Which 
controls supply of electrical poWer to the heater as a function 
of a resistance target in a range of 0.5 to 1 ohm. 

[0020] According to one embodiment, the invention pro 
vides an aerosol generator, comprising a flow passage 
adapted to receive a liquid aerosol formulation from a liquid 
supply, the liquid aerosol formulation comprising at least 
one thermally stable active ingredient selected from the 
group consisting of buspirone, buprenorphine, triaZolam, 
cyclobenZaprine, Zolpidem, pharmaceutically acceptable 
salts and esters thereof and derivatives thereof, and a heater 
operable to heat the liquid formulation in at least a portion 
of the flow passage sufficiently to vaporiZe the liquid for 
mulation and generate an aerosol containing the active 
ingredient. The aerosol generator may comprise a hand-held 
inhaler having a mouthpiece, the flow passage comprising a 
capillary siZed flow passage having an outlet in ?uid com 
munication With an interior of the mouthpiece. In a preferred 
embodiment, the heater is a resistance heater comprising a 
section of a metal capillary tube and the flow passage 
comprises the interior of the metal capillary tube. The 
aerosol generator may comprise a hand-held inhaler having 
a poWer supply and control electronics Which controls 
supply of electrical poWer to the heater as a function of a 
control parameter selected to achieve boiling of the liquid 
formulation in the flow passage. The liquid supply may 
comprise a reservoir containing the liquid formulation under 
a pressure of no greater than about atmospheric pressure. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Various preferred embodiments of the invention 
Will be readily understood by reference to the folloWing 
detailed description and the accompanying draWings, in 
Which: 

[0022] FIG. 1 shoWs a bar graph illustrating the typical 
buspirone particle siZe distribution. 

[0023] FIG. 2 shoWs a bar graph illustrating the typical 
buprenorphine particle siZe distribution. 

[0024] FIG. 3 shoWs a bar graph illustrating the typical 
triaZolam particle siZe distribution. 

[0025] FIG. 4 shoWs a bar graph illustrating the typical 
cyclobenZaprine particle siZe distribution. 

[0026] FIG. 5 shoWs a bar graph illustrating the typical 
Zolpidem particle siZe distribution. 

5. DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 

INVENTION 

[0027] Liquid aerosol formulations, aerosol generating 
devices and methods for generating aerosols are provided. 
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[0028] The liquid aerosol formulations can provide aero 
sols having selected compositions and controlled particle 
siZes. The liquid aerosol formulations are suitable for dif 
ferent applications including systemic delivery of medica 
ments. For example, for drug delivery applications via 
inhalation, the formulations comprise aerosols having a 
desirable mass median aerodynamic diameter (MMAD) for 
targeted delivery. For pulmonary delivery, particles of 
smaller siZe are desired than for tracheobronchial delivery or 
delivery to the oropharynX or mouth. In preferred embodi 
ments, the aerosols have a controlled particle siZe that is 
effective to achieve pulmonary delivery of drug formula 
tions. 

[0029] The liquid aerosol formulation preferably includes 
an organic solvent and at least one thermally stable active 
ingredient. The thermally stable active ingredients may be 
selected from the group consisting of buspirone, buprenor 
phine, triaZolam, cyclobenZaprine, Zolpidem, pharmaceuti 
cally acceptable salts and esters thereof and derivatives 
thereof. The thermally stable active ingredients can be 
someWhat or completely soluble in the liquid aerosol for 
mulation. In addition, the liquid aerosol formulation is 
preferably propellant free. 

[0030] Buspirone, buprenorphine, triaZolam, cyclobenZa 
prine, Zolpidem, pharmaceutically acceptable salts and 
esters thereof and derivatives thereof are sufficiently soluble 
in an organic solvent to form solutions at ambient condi 
tions. The concentration of buspirone, buprenorphine, tria 
Zolam, cyclobenZaprine, Zolpidem, pharmaceutically 
acceptable salts and esters in the solution can be varied to 
control the amount of the active ingredient in such aerosols. 

[0031] The liquid aerosol formulation may further com 
prise additional active ingredients, in combination With 
buspirone, buprenorphine, triaZolam, cyclobenZaprine, 
Zolpidem, pharmaceutically acceptable salts and esters 
thereof and/or derivatives thereof. 

[0032] The liquid aerosol formulation may further com 
prise an organic solvent. EXamples of organic solvents 
include, but are not limited to, short chain (C1-C6) alcohols, 
such as n-propyl alcohol, isopropyl alcohol, butanol, etha 
nol, glycerin, ethylene glycol, diethylene glycol, propylene 
glycol, sorbitol, dipropylene glycol, tripropylene glycol, and 
heXylene glycol. Preferred short chain alcohols are propy 
lene glycol and dipropylene glycol. Propylene glycol (PG) is 
especially preferred. 
[0033] The liquid aerosol formulation may also include 
any pharmaceutically acceptable eXcipient. Such eXcipients 
may include, but are not limited to, antioxidants, stabiliZing 
agents, ?avoring agents, solubiliZers, cosolvents, preserva 
tives and combinations thereof. 

[0034] Preferably, the cosolvent is ethanol, Water, glycerol 
and diethyl ether. Preferably, the solubiliZer is ethanol, 
isopropanol, butanol, benZyl alcohol, ethylene glycol, 
butanediols and isomers thereof, glycerol, pentaerythritol, 
sorbitol, mannitol, transcutol, dimethyl isosorbide, polyeth 
ylene glycol, polypropylene glycol, polyvinylalcohol, 
hydroXypropyl methylcellulose and other cellulose deriva 
tives, cyclodeXtrins and cyclodeXtrin derivatives or miXtures 
thereof. 

[0035] In a preferred embodiment, the liquid aerosol for 
mulation is ?oWed through a capillary siZed flow passage in 
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Which the liquid is heated to a suf?ciently high temperature 
to vaporize the liquid. The vapor exits the How passage and 
admixes With gas, preferably ambient air, to produce an 
aerosol Which is inhaled by a user. The siZe of the aerosol 
particles thus produced can be controlled for delivery to the 
lung. 

[0036] The capillary passage can have different transverse 
cross-sectional shapes, such as round, oval, triangular, 
square, rectangular, other polygonal shapes, or the like, as 
Well as other non-geometric shapes. Different portions of the 
capillary passage can have different cross-sectional shapes. 
As described beloW, the siZe of the capillary passage can be 
de?ned by its transverse cross-sectional area. For a capillary 
passage having a round cross-section, the siZe of the How 
passage may be de?ned by its diameter. Alternatively, the 
capillary passage may be non-circular in cross section and 
the siZe of the capillary passage may be de?ned by its Width. 
For example, the capillary passage can have a maximum 
Width of 0.01 to 10 mm, preferably 0.05 to 1 mm, and more 
preferably 0.1 to 0.5 mm. Alternatively, the capillary pas 
sage can be de?ned by its transverse cross sectional area, 
Which1 can be 8x10“5 to 80 mm2, preferably 2><10_3 to 
8x10’ mm2, and more preferably 8x10‘3 to 2x10‘1 mm2. 

[0037] Details of an aerosol generator Which can be used 
to aerosoliZe the liquid formulation are described in com 
monly assigned US. Pat. Nos. 5,743,251; 6,234,167 and 
6,516,796, the entire disclosures of Which are hereby incor 
porated by reference. Other suitable aerosol generators are 
described in commonly assigned U.S. patent application Ser. 
No. 10/341,521 ?led Jan. 14, 2003, the entire disclosure of 
Which is hereby incorporated by reference. Control schemes 
for heating the How passage are describe din commonly 
assigned US. Pat. No. 6,501,052, the entire disclosure of 
Which is hereby incorporated by reference, and in commonly 
assigned US. patent application Ser. No. 10/206,320 ?led 
Jul. 29, 2002, the entire disclosure of Which is hereby 
incorporated by reference. 

[0038] As described in commonly-assigned U.S. Provi 
sional Patent Application No. 60/408,295, ?led Sep. 6, 2002, 
Which is incorporated herein by reference in its entirety, 
embodiments of the capillary passage can comprise an outlet 
section, Which controls the velocity of vapor exiting the 
outlet end of the capillary passage, i.e, the exit velocity of 
the vapor, so as to control the particle siZe of aerosol 
generated by the aerosol generating device. 

[0039] The material forming the capillary passage can be 
any suitable material, including metals, plastics, polymers, 
ceramics, glasses, or combinations of these materials. Pref 
erably, the material is a heat-resistant material capable of 
Withstanding the temperatures and pressures generated in the 
capillary passage, and also resisting the repeated heating 
cycles utiliZed to generate multiple doses of aerosols. In 
addition, the material forming the capillary passage prefer 
ably is non-reactive With the liquid that is aerosoliZed. 

[0040] In another alternative embodiment, the capillary 
passage can be formed in a polymer, glass, metal and/or 
ceramic monolithic or multilayer (laminated) structure (not 
shoWn). Suitable ceramic materials for forming the capillary 
passage include, but are not limited to, alumina, Zirconia, 
silica, aluminum silicate, titania, yttria-stabiliZed Zirconia, 
or mixtures thereof. Acapillary passage can be formed in the 
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monolithic or multilayer body by any suitable technique, 
including, for example, machining, molding, extrusion, or 
the like. 

[0041] In embodiments, the capillary passage can have a 
length from 0.5 to 10 cm, and preferably from 1 to 4 cm. 

[0042] The liquid aerosol formulation supplied from a 
liquid source is heated in the capillary passage to form a 
vapor during operation of the aerosol generating device. In 
a preferred embodiment, the capillary comprises metal tub 
ing heated by passing an electrical current along a length of 
the capillary tubing via a ?rst electrode and a second 
electrode. HoWever, as described above, the capillary pas 
sage can have other alternative constructions, such as a 
monolithic or multi-layer construction, Which include a 
heater such as a resistance heating material positioned to 
heat the ?uid in the capillary passage. For example, the 
resistance heating material can be disposed inside of, or 
exterior to, the capillary passage. 

[0043] The capillary passage may comprise an electrically 
conductive tube provided With a doWnstream electrode and 
an upstream electrode. In this embodiment, the capillary is 
a controlled temperature pro?le (CTP) construction, such as 
disclosed in copending and commonly assigned U.S. appli 
cation Ser. No. 09/957,026, ?led Sep. 21, 2001, Which is 
incorporated herein by reference in its entirety. In the 
controlled temperature pro?le capillary, the doWnstream 
electrode has an electrical resistance suf?cient to cause it to 
be heated during operation of the aerosol generating device, 
thereby miinimiZing heat loss at the outlet end of the 
capillary tube. 

[0044] The tube forming the capillary passage can be 
made entirely of stainless steel or any other suitable elec 
trically conductive materials. Alternatively, the tube can be 
made of a non-conductive or semi-conductive material 
incorporating a heater made from an electrically conductive 
material, such as platinum. Electrodes connected at spaced 
positions along the length of the tube or heater de?ne a 
heated region betWeen the electrodes. A voltage applied 
betWeen the tWo electrodes generates heat in the heated 
region of the capillary passage based on the resistivity of the 
material(s) making up the tube or heater, and other param 
eters such as the cross-sectional area and length of the heated 
region section. As the ?uid ?oWs through the capillary 
passage into the heated region betWeen the ?rst and second 
electrodes, the ?uid is heated and converted to a vapor. The 
vapor passes from the heated region of the capillary passage 
and exits from the outlet end. In some preferred embodi 
ments, the volatiliZed ?uid is entrained in ambient air as the 
volatiliZed ?uid exits from the outlet, causing the volatiliZed 
?uid to condense into small droplets and form a condensa 
tion aerosol. In a preferred embodiment, the MMAD of the 
droplet siZe is 0.1 to 2.5 pm. 

[0045] The temperature of the liquid in the capillary 
passage can be calculated based on the measured or calcu 
lated resistance of the heating element. For example, the 
heating element can be a portion of a metal tube, or 
alternatively a strip or coil of resistance heating material. 
Control electronics can be used to regulate the temperature 
of the capillary passage by monitoring the resistance of the 
heater. For example, the control electronics can control the 
temperature pro?le of the capillary passage during operation 
of the aerosol generating device. The control electronics can 



US 2004/0151670 A1 

also control the output of the display. The display is pref 
erably a liquid crystal display (LCD). The display can depict 
selected information pertaining to the condition or operation 
of the aerosol generating device. The control electronics can 
also control the operation of one or more valves during 
operation of the aerosol generating device; monitor the 
initial pressure drop caused by inhalation and sensed by the 
pressure sensor; and monitor the condition of the battery unit 
that provides electrical poWer to components of the aerosol 
generating device. 

[0046] Preferably, the aerosol particles have a MMAD 
betWeen about 0.1 pm and about 2.5 pm. As described 
above, the aerosol generating device can provide aerosols 
having a controlled particle siZe, including aerosols siZed for 
the targeted delivery of drugs to the lung. These aerosols 
offer a number of advantages for delivering drugs to the deep 
lung. For example, mouth and throat deposition are mini 
miZed, While deposition in the deep lung is maximized, 
especially When combined With a breath hold. Moreover, 
When using a suitable hydrophilic carrier, deposition may be 
further enhanced by hygroscopic groWth. 

[0047] The aerosol generating device preferably generates 
aerosols in Which 95% of the aerosol particles (aerosol 
droplets) have a siZe in the range betWeen about 0.1 pm to 
about 2.5 pm. The aerosol generating device preferably 
incorporates a processor chip for controlling the generation 
process. The processor, With suitable sensors, also triggers 
the aerosol generation at any desired time during an inha 
lation. The drug to be aerosoliZed is provided With a carrier. 
By the choice of suitable hydrophilic carriers, the aerosol 
generating device can take advantage of hygroscopic groWth 
in the respiratory system. 

[0048] Operation of the preferred aerosol generating 
device for delivering aerosoliZed thermally stable active 
ingredients is as folloWs. First, a liquid aerosol formulation 
including at least one thermally stable active ingredient is 
delivered to the heated capillary passage. The liquid vapor 
iZes in the capillary passage and exits as a vapor jet from the 
open end of the capillary passage. The vapor jet entrains and 
mixes With ambient air, and forms a highly concentrated, 
?ne aerosol. As described above, application of heat to 
vaporiZe the liquid is typically achieved by resistive heating 
from passing an electric current through the heater. The 
applied poWer is adjusted to maximiZe the conversion of the 
?uid into a vapor. 

[0049] As Will be appreciated, the aerosol generating 
device is capable of controlled vaporiZation and aerosol 
formation of drug formulations. The aerosol generating 
device can provide immediate delivery of aerosol to a 
patient, thereby not Wasting lung capacity, Which may be 
limited due to the health of the patient. Also, the aerosol 
generating device can provide consistent delivery of con 
trolled amounts of drug formulation to a patient. In addition, 
in preferred embodiments, the aerosol generated by the 
aerosol generating device including a capillary passage is 
only slightly affected by relative humidity and temperature. 

EXAMPLES 

[0050] Examples Were conducted to demonstrate features 
of the invention. The examples are not intended to and 
should not be interpreted as limiting the invention. 
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Example 1 

Buspirone aerosol 

[0051] A suitable aerosol Was generated using buspirone 
(8-[4-[4-(2-pyrimidinyl)-1-piperaZinyl]butyl]-8-aZaspiro[4, 
5]decane-7,9-dione monohydrochloride) dissolved in pro 
pylene glycol (PG). 
[0052] Experiments Were performed to determine if a 
chemically stable 0.5 pm busprione (BUS) aerosol could be 
generated using a 28 gauge, 44 mm long steel capillary using 
a How rate of 5 mg/sec. The aerosol particle siZe Was 
determined and chemical stability of buspirone in the gen 
erated aerosol Was evaluated. Buspirone Was purchased 
from Sigma Aldrich Chemical Co. Propylene glycol Was 
purchased from DoW Chemical Co. 

[0053] Forced Degradation Studies 

[0054] Buspirone Was dissolved in acidic and basic solu 
tions and heated to 50 degrees Celsius for 1 hour to promote 
acid and base catalyZed hydrolysis. Buspirone Was also 
subjected to peroxide With heating to 50 degrees Celsius for 
1 hour to promote oxidation. As a ?nal stability check, solid 
buspirone Was subjected to heating With a differential scan 
ning calorimeter. Conditions Were optimiZed to produce 
thermal degradation products by heating to 350 degrees 
Celsius. 

[0055] Sham Determinations 

[0056] Sham determinations Were performed for each set 
of experiments to determine an “expected” amount of active 
per capillary aerosol generator (CAG) activation. This Was 
performed by running the equipment at a target resistance of 
0.2 ohms, Which pumped out the solution of buspirone in PG 
as a liquid instead of an aerosol. The result Was collected on 
a KimWipe Which Was placed into sample solvent and 
sonicated. This process Was performed in triplicate. TWo 
solution concentrations of about 0.5% and about 2% of 
buspirone in PG Were prepared. 

[0057] Dose Capture and Degradation Determinations 

[0058] Dose capture determinations Were conducted 
(Table 1). For dose capture runs 1-6, the device Was actuated 
once, the aerosol collected in acidi?ed Water, diluted to 40 
mL. Runs 7-12 Were performed as above, except distilled 
de-ioniZed Water Was used instead of acidi?ed Water. For 

runs 13-33, the device Was actuated 4 times, the aerosol Was 
collected in 8 mL of sample solvent, and analyZed for 
buspirone and degradation products using the “stability 
indicating” assay. Intact buspirone Was calculated. The 
extent of degradation Was evaluated by assuming that the 
degradation products had similar extinction coef?cients as 
the parent at the Wavelength of interest. 

[0059] The initial dose capture experiments (runs 1-6) 
performed at a buspirone concentration of 0.5% in PG 
indicated that buspirone Was stable during the aerosoliZation 
process. A2% solution of buspirone in PG Was prepared and 
aerosoliZed. Initial investigations (runs 7-15) indicated that 
an energy of greater than about 80 J Was required to 
aerosoliZe buspirone. Greater energy Was required to mini 
miZe throat deposition. This Was further re?ned to a target 
resistance of 0.605 ohms to provide an energy input of about 
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90 J. Using these parameters, 104% of the buspirone [0063] Early dose capture experiments indicated that bus 
expected Was aerosoliZed and collected. pirone could be aerosoliZed and captured. Due to the high 

_ _ _ recover , it Was sus ected that bus irone Was relativel 
[0060] After evaluation of the data, it was determined that t b1 y h t, pd d _ t, ,th th CAGy 

. . s a eu on ea 1n an ur1n aeroso 1Za 1on W1 e . 
busp1rone should be thermally stressed With a DSC to p _ _ g g_ _ _ 

. After determining energy requirements for aerosol1Z1ng bus 
produce a degradation pro?le thought to be more represen- _ _ _ _ _ 

- - - - - - p1rone, particle size determinations were performed (Table 
tat1ve of busp1rone degradat1on after aerosol1Zat1on via the _ _ 

CAG. In doing so, thermal degradation products Were pro- 3)‘ At energles of approxlmately 77 J (runs 8 and 10)’ a _large 
duced under the conditions stated above. This provided an percentage’ greater than 40%’ of the recovered busplrone 
indication of retention times for potential degradation prod- Was found on the throat At the re?ned target reslstance of 

ucts of buspirone after aerosoliZation using the CAG. The 0605 Ohms (runs 11'15)> the energles Were approxlmately 
samples collected at a target resistance of 0.605 ohms Were 87 J- Thls Produced monomodal aerosols (FIG- 1) havlng 
evaluated for degradation. As can be seen in Table 2, mass median aerodynamic diameters (MMAD) 0f approxi 
degradation Was minimal With an average degradation of mately 0.30 microns. Recoveries for these experiments 
025% Of the active, While active recovery Was 104%~ exceeded 100% and had throat depositions of less than 5%. 
During the analysis, 9 potential degradation products Were 
produced Which matched the retention times of products [0064] Based upon the reproduclble effectlve aerosohza' 
observed after subjected to heating. The major degradation lion, Suitable Particle Sim, acceptable recoveries, and the 
peak was hypothesized to contain multiple analytes and ability to deliver high concentrations of buspirone, it Was 
accounted for approximately 0.09% of the degradation concluded that buspirone Was a compound suitable for 
observed. The other 8 peaks accounted for approximately aerosoliZation. 

TABLE 1 

Dose capture determinations 

Formulation Target 
Formulation FloW Rate Resistance Air FloW Dose 

Run Number Buspirone % (mg/sec) (ohms) Energy (J) Rate (L/min) Capture (%) 

1 0.5 5 0.610 88.64 0 5 145 
2 0.5 5 0.610 89.82 0 5 101 
3 0.5 5 0.610 90.90 0 5 102 
4 0.5 5 0.610 90.94 0 5 94 
5 0.5 5 0.610 91.65 0 5 94 
6 0.5 5 0.610 91.70 0 5 98 

7-9 2.0 5 5.90 70.791 0 51 91 
10-12 2.0 5 0.610 87.921 0 51 1021 
13-15 2.0 5 0.595 80.362 0 52 1021 
16-18 2.0 5 0.610 98.992 0 52 1031 
19-23 2.0 5 0.610 98.713 0 53 953 
24-28 2.0 5 0.600 80.843 0 53 1053 
29-33 2.0 5 0.605 88.863 0 53 1043 

1Mean of 3 determinations 
2Mean of 12 determinations (3 dose captures of 4 actuations) 
3Mean of 20 determinations (5 dose captures of 4 actuations) 

0.02% each. Of the nine peaks observed in the collected [0065] 
samples after aerosol generation, three Were found in the 
standard at levels of approximately 0.01%. In addition, more 
degradation products Were formed after heating compared to 
the sample collected using the dose capture apparatus after 
aerosoliZation. 

[0061] Particle SiZe Determinations 

[0062] Aerosol particle siZe Was determined using the 
10-stage MOUDI operated at 30 L/min. The sample foils 
Were placed in beakers, 10 mL of sample solvent Was added, 
and the beakers sWirled thoroughly. For the USP throat, 10 
mL of sample solvent Was added and shaken thoroughly. 
Wall losses Were assessed by Washing the MOUDI Walls 
With a KimWipe dipped in sample solvent. The same 10 mL 
of mobile phase Was used to Wash the Walls of all the stages. 
The collected samples Were analyZed. 

TABLE 2 

Percent degradation determination 

Target Dose 

Run Formulation Resistance Energy Capture Percent 

Number Buspirone % (ohms) (J) (%) Degradation 

29 2.0 0.605 88.64 105 0.10 

30 2.0 0.605 89.82 108 0.22 

31 2.0 0.605 90.90 95 0.29 

32 2.0 0.605 90.94 107 0.30 

33 2.0 0.605 91.65 105 0.32 
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TABLE 3 
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Particle size determination 

Target Material Throat Wall 
Run Formulation FloW Rate Resistance Energy MOUDI MMAD Balance Deposition Losses 

Number Buspirone % (mg/sec) (ohms) (J) Number (microns) (%) (%) (%) 

1 0.5 5 0.610 88.46 311 0.47 39 3 ND 
2 0.5 5 0.610 88.71 312 0.32 84 6 ND 
3 0.5 5 0.610 88.61 313 0.29 85 4 ND 
4 0.5 5 0.600 79.79 314 0.31 100 7 2 
5 0.5 5 0.610 90.74 315 0.30 100 10 4 
6 2.0 5 0.590 68.02 316 0.54 11 44 6 
7 2.0 5 0.610 88.12 317 0.30 98 14 1 
8 2.0 5 0.595 77.14 325 0.46 91 44 1 
9 2.0 5 0.600 83.56 326 0.30 100 7 2 

10 2.0 5 0.600 77.35 327 0.48 98 48 4 
11 2.0 5 0.605 97.09 330 0.31 105 4 4 
12 2.0 5 0.605 87.64 331 0.30 108 1 3 
13 2.0 5 0.605 86.85 332 0.31 102 3 3 
14 2.0 5 0.605 97.44 333 0.29 107 2 9 
15 2.0 5 0.605 97.19 334 0.32 111 2 3 

ND—not determined 

Example 2 phine and minimize throat deposition. This Was further 

Buprenorphine Aerosol 

[0067] Experiments Were performed to determine if a 
chemically stable 0.5 pm buprenorphine aerosol could be 
generated using a 28 gauge, 44 mm long steel capillary using 
a How rate of 5 mg/sec. The aerosol particle size Was 
determined and chemical stability of buprenorphine in the 
generated aerosol Was evaluated. Buprenorphine hydrochlo 
ride Was purchased from Sigma Aldrich Chemical Co. 
Propylene glycol Was purchased from DoW Chemical Co. 

[0068] Forced Degradation Studies 

[0069] Buprenorphine Was subjected to heating With a 
differential scanning calorimeter. Conditions Were opti 
mized to produce thermal degradation products by heating to 
325 degrees Celsius. 

[0070] Sham Determinations 

[0071] Sham determinations Were performed by running 
the equipment at a target resistance of 0.2 ohms, Which 
pumped out the solution of buprenorphine in PG as a liquid 
instead of an aerosol. The result Was collected on a Kim 

Wipe, placed into sample solvent and sonicated. This process 
Was performed in triplicate and Was analyzed With other 
analytical samples. Buprenorphine Was dissolved in PG at a 
concentration of approximately 0.2%. 

[0072] Dose Capture and Degradation Determinations 

[0073] Dose capture determinations Were conducted. See 
Table 4, Which lists each experiment, the number of actua 
tions, the solvent and volume used, and the results. The 
extent of degradation of buprenorphine Was evaluated by 
assuming that the degradation products had similar extinc 
tion coefficients as the parent at the Wavelength of interest. 

[0074] The investigations indicated that an energy of 
greater than about 70 J Was required to aerosolize buprenor 

re?ned to a target resistance of 0.595 ohms to provide an 
energy input of about 70 J. Using these parameters, >95% of 
the buprenorphine (Table 4 runs 8-12) Was aerosolized and 
collected. Analysis of the samples from runs 8-12 indicated 
an average degradation of 2%. This Was in the form of tWo 
proposed degradation products. 

[0075] Particle Size Determinations 

[0076] Aerosol particle size Was determined using the 
10-stage MOUDI operated at 30 L/min. See Table 5, Which 
lists each experiment, the number of actuations, the solvent 
and volume used, and the results. For the USP throat, 5 mL 
of sample solvent Was added and shaken thoroughly. Wall 
losses Were assessed by Washing the MOUDI Walls With a 
KimWipe dipped in sample solvent. The same sample sol 
vent Was used to Wash the Walls of all the stages. The 
collected samples Were analyzed using the assay method. 

[0077] Early dose capture experiments indicated that 
buprenorphine could be aerosolized and captured. After 
determining energy requirements for aerosolizing buprenor 
phine, particle size determinations Were performed (Table 
5). At energies of approximately 70 J (runs 8 through 20), a 
small percentage, less than about 15%, of the recovered 
buprenorphine Was found on the throat. Runs 8-11 Were 
performed to evaluate throat deposition using a shortened 
MOUDI consisting of only a couple of stages. Therefore, the 
MMAD Was not determined. At the re?ned target resistance 
of 0.595 ohms (runs 18-20), the energies Were approxi 
mately 71 J. This produced aerosols (FIG. 2) having an 
average MMAD of approximately 0.44 microns. The aver 
age recovery for these experiments exceeded 88% and had 
throat depositions of less than 3%. 

[0078] Based upon the reproducible effective aerosoliza 
tion, suitable particle size, and the ability to deliver adequate 
quantities of buprenorphine, it Was concluded that buprenor 
phine Was a compound suitable for aerosolization. 
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TABLE 4 

Dose capture and degradation determinations 

Formulation Target Air FloW Dose 
Formulation FloW Rate Resistance Energy Rate Number of Solvent and Capture Percent 

Run Number Busprenorphine % (mg/sec) (ohms) (J) (L/min) Actuations Volume (%) Degradation 

1 0.2 5 0.600 84.93 0.5 1 10 mL DDI 93 ND 
2 0.2 5 0.610 94.95 0.5 1 10 mL DDI 99 ND 
3 0.2 5 0.620 105.83 0.5 1 10 mL DDI 96 ND 
4 0.2 5 0.610 93.111 0.5 2 5 mL MP 821 ND 
5 0.2 5 0.610 83.952 0.62 4 10 mL MP ND ND 
6 0.2 5 0.605 84.152 0.52 4 10 mL MP ND ND 
7 0.2 5 0.600 78.742 0.62 4 10 mL MP ND ND 
8 0.2 5 0.595 74.912 0.52 4 10 mL DDI 962 2.162 
9 0.2 5 0.595 74.582 0.52 4 10 mL DDI 952 1.742 

10 0.2 5 0.595 74.622 0.52 4 10 mL DDI 972 2.272 
11 0.2 5 0.595 74.822 0.52 4 10 mL DDI 1032 1.812 
12 0.2 5 0.595 74.643 0.53 5 10 mL DDI 963 1.963 

1Mean of 2 actuations 
2Mean of 4 actuations 
3Mean of 5 actuations 
DDI—distilled deionized Water 
MP—mobile phase 
ND—not determined 

[007 9] 

TABLE 5 

Particle size determinations 

FloW Target Material Throat Wall 
Run Formulation Rate Resistance Energy MOUDI Number of Solvent and MMAD Balance Deposition Losses 

Number (BUP) % (mg/sec) (ohms) (J) Number Actuations Volume (microns) (%) (%) (%) 

1 0.2 5 0.610 94.33 340 1 5 mL DDI 0.489 120.74 2.25 0.00 
2 0.2 5 0.610 94.653 341 5 5 mL DDI 0.4313 83.433 1.483 3.943 
3 0.2 5 0.610 94.173 342 5 5 mL DDI 0.2953 45.753 3.253 2.833 
4 0.2 5 0.610 93.653 343 5 5 mL DDI 0.4153 52.973 2.163 3.743 
5 0.2 5 0.610 93.043 344 5 5 mL DDI 0.4123 55.743 1.743 2.723 
6 0.2 5 0.610 92.183 345 5 5 mL DDI 0.2343 90.453 1.683 26.143 
7 0.2 5 0.590 74.861 346 2 5 mL MP 0.3991 73.911 22.321 2.691 
s 0.2 5 0.590 71.171 347 2 5 mL MP ND 52.581 10.431 ND 
9 0.2 5 0.590 67.571 348 2 5 mL MP ND 61.331 16.011 ND 

10 0.2 5 0.595 72.291 349 2 5 mL MP ND 100.091 12.121 ND 
11 0.2 5 0.600 77.211 350 2 5 mL MP ND 79.281 3.081 ND 
12 0.2 5 0.595 77.242 351 4 10 mL DDI 0.4642 81.822 2.942 5.762 
13 0.2 5 0.595 71.952 352 4 10 mL DDI 0.4562 143.932 2.472 7.162 
14 0.2 5 0.595 71.702 353 4 10 mL DDI 0.4172 133.082 0.002 0.002 
15 0.2 5 0.595 71.172 354 4 10 mL MP 0.4162 90.902 4.552 17.452 
16 0.2 5 0.595 71.322 355 4 10 mL DDI 0.3922 80.142 2.102 12.312 
17 0.2 5 0.595 71.682 356 4 10 mL DDI 0.4512 71.862 0.002 27.182 
18 0.2 5 0.595 71.321 357 2 5 mL MP 0.4241 94.101 2.331 3.611 
19 0.2 5 0.595 71.371 358 2 5 mL MP 0.4501 89.791 1.981 3.481 
20 0.2 5 0.595 71.221 359 2 5 mL MP 0.4461 82.301 3.011 2.641 

1Mean of 2 actuations 
2Mean of 4 actuations 
3Mean of 5 actuations 
ND—not determined 

Example 3 rate of 5 mg/sec. The aerosol particle size Was determined 

Triazolam Aerosol 

[0080] A suitable aerosol Was generated using triazolam 
(8-chloro-6-(2-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo 
[4,3-a][1,4]benzodiazepine) dissolved in propylene glycol 
(PG). Experiments Were performed to determine if a chemi 
cally stable 0.5 pm triazolam aerosol could be generated 
using a 28 gauge, 44 mm long steel capillary using a How 

and the chemical stability of triazolam in the generated 
aerosol Was evaluated. Triazolam Was purchased from 
Sigma Aldrich Chemical Co. Propylene glycol Was pur 
chased from DoW Chemical Co. 

[0081] Forced Degradation Studies 
[0082] Triazolam Was dissolved in acidic and basic solu 
tions and heated to 50 degrees Celsius for 1 hour to promote 
acid and base catalyzed hydrolysis. Triazolam Was also 
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subjected to peroxide With heating to 50 degrees Celsius for 
1 hour to promote oxidation. As a ?nal stability check, solid 
triaZolam Was subjected to heating With a differential scan 
ning calorimeter. Conditions Were optimiZed to produce 
thermal degradation products by heating to 350 degrees 
Celsius. 

[0083] Sham Determinations 

[0084] Sham determinations Were performed for each set 
of experiments to determine an “expected” amount of active 
per CAG activation. This Was performed by running the 
equipment at a target resistance of 0.2 ohms, Which pumped 
out the solution of triaZolam in PG as a liquid instead of an 
aerosol. This Was collected on a KimWipe Which Was placed 
into sample solvent and sonicated. The process Was per 
formed in triplicate and Was analyZed With other analytical 
samples. TriaZolam Was dissolved in PG at a concentration 
of approximately 0.1%. 

[0085] Dose Capture and Degradation Determinations 

[0086] Dose capture determinations Were conducted 
(Table 6). For dose capture runs 1-3, the device Was actuated 
once, the aerosol collected in 10 mL of sample solvent and 
analyZed using the “stability indicating” method. Runs 4-9 
Were performed as above except the device Was actuated 
tWice and collected in 10 mL of sample solvent. For runs 
10—14, the device Was actuated 3 times, the aerosol Was 
collected in 5 mL of distilled deioniZed Water, and analyZed 
for triaZolam and degradation products using the “stability 
indicating” assay. Intact triaZolam Was calculated based 
upon prepared standards. The extent of degradation Was 
evaluated by assuming that the degradation products had 
similar extinction coef?cients as the parent at the Wave 
length of interest. 

[0087] The investigations indicated that an energy of 
greater than about 80 J Was required to aerosoliZe triaZolam 
and minimiZe throat deposition. This Was further re?ned to 
a target resistance of 0.605 ohms to provide an energy input 
of about 90 J. Using these parameters, 90% of the triaZolam 
(Table 6, runs 10-14), as compared to sham experiments, 
Was aerosoliZed and collected. 

[0088] TriaZolam Was thermally stressed With a DSC to 
produce a degradation pro?le more representative of triaZ 
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olam degradation after aerosoliZation via the CAG. Thermal 
degradation products Were produced under the conditions 
stated above. This provided an indication of retention times 
for potential degradation products of triaZolam after aero 
soliZation using the CAG. The samples collected at a target 
resistance of 0.605 ohms Were evaluated for degradation. An 
analyte With a retention time longer than triaZolam Was 

observed in all samples (standards, shams, and dose capture 
experiments). This peak Was 6-8% of the peak area of 
triaZolam, Which is characteristic of an impurity. 

[0089] Particle SiZe Determinations 

[0090] Aerosol particle siZe Was determined using the 
10-stage MOUDI operated at 30 L/min. For MOUDI runs 
1-4, the sample foils Were placed in beakers, 5 mL of sample 
solvent Was added, and the beakers sWirled thoroughly. For 
the USP throat, 5 mL of sample solvent Was added and 
shaken thoroughly. Wall losses Were assessed by Washing 
the MOUDI Walls With a KimWipe dipped in sample solvent. 
The same 5 mL of sample solvent Was used to Wash the Walls 
of all the stages. The collected samples Were analyZed using 
the assay method. For MOUDI runs 5-9, the procedure Was 
the same as above except distilled deioniZed Water Was used 

in place of the sample solvent. This Was done to alloW for 
simultaneous PG particle siZe analysis. TWo actuations Were 
used for all MOUDI runs With the exception of MOUDI runs 
1 and 7. 

[0091] Early dose capture experiments indicated that tria 
Zolam could be aerosoliZed and captured. TriaZolam Was 
stable upon heating and during aerosoliZation With the CAG. 
After determining energy requirements for aerosoliZing tria 
Zolam, particle siZe determinations Were performed (Table 
7). At energies of approximately 70 J (runs 1 and 2), a large 
percentage, greater than 30%, of the recovered triaZolam 
Was found on the throat. At the re?ned target resistance of 
0.605 ohms (runs 5-9), the energies Were approximately 90 
J. This produced aerosols (FIG. 3) having an average 
MMAD of approximately 0.46 microns. The average recov 
ery for these experiments exceeded 99% and had throat 
depositions of less than 3%. 

TABLE 6 

Dose capture determinations 

Run Formulation Formulation FloW Target Resistance Air FloW Rate Dose Capture 

Number Triazolam % Rate (mg/sec) (ohms) Energy (J) (L/min) (%) 

1 0.1 5 0.590 74.20 0.5 99 

2 0.1 5 0.600 85.58 0.5 109 

3 0.1 5 0.610 93.77 0.5 86 

4-6 0.1 5 0.590 74.621 0.51 901 

7-9 0.1 5 0.600 85.071 0.51 951 

10—14 0.1 5 0.605 90.592 0.52 902 

1Mean of 6 determinations (3 dose captures of 2 actuations) 

2Mean of 15 determinations (5 dose captures of 3 actuations) 
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[0092] 

TABLE 7 

Particle size determinations 

Target Material Throat 
Run Formulation FloW Rate Resistance MOUDI MMAD Balance Deposition Wall 

Number Triazolam % (mg/sec) (ohms) Energy (J) Number (microns) (%) (%) Losses (%) 

1 0.1 5 0.590 70.13 319 0.847 74.08 33.14 ND 

2 0.1 5 0.590 70.553 320 0.6423 108.223 39.283 15.513 
3 0.1 5 0.600 83.543 321 0.3783 104.223 2.963 11.043 

4 0.1 5 0.595 78.383 322 0.4143 98.503 3.663 6.693 
5 0.1 5 0.605 87.983 335 0.5113 102.103 2.433 20.443 
6 0.1 5 0.605 86.623 336 0.4313 96.323 1.353 12.273 
7 0.1 5 0.605 89.01 337 0.483 107.02 2.87 4.59 

8 0.1 5 0.605 88.073 338 0.4443 91.603 2.473 2.783 
9 0.1 5 0.605 87.403 339 0.4463 101.093 1.973 2.333 

3 Mean of 2 actuations 

ND—not determined 

Example 4 culated. The extent of degradation Was evaluated by assum 

Cyclobenzaprine Aerosol 

[0093] A suitable aerosol Was generated using cycloben 
zaprine (3-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-N,N 
dimethyl-l-propanamine) dissolved in propylene glycol 
(PG). Experiments Were performed to determine if a chemi 
cally stable 0.5 pm cyclobenzaprine aerosol could be gen 
erated using a 28 gauge, 44 mm long steel capillary using a 
How rate of 5 mg/sec. The aerosol particle size Was deter 
mined and chemical stability of cyclobenzaprine in the 
generated aerosol Was evaluated. Cyclobenzaprine Was pur 
chased from Sigma Aldrich Chemical Co. Propylene glycol 
Was purchased by DoW Chemical Co. 

[0094] Forced Degradation Studies 

[0095] Cyclobenzaprine Was subjected to heating With a 
differential scanning calorimeter. Conditions Were opti 
mized to produce thermal degradation products by heating to 
300 degrees Celsius. 

[0096] Sham Determinations 

[0097] Sham determinations Were performed for each set 
of experiments to determine an “expected” amount of active 
per CAG activation. This Was performed by running the 
equipment at a target resistance of 0.2 ohms, Which pumped 
out the solution of cyclobenzaprine in PG as a liquid instead 
of an aerosol. This Was collected on a KimWipe Which Was 

placed into sample solvent and sonicated. This process Was 
performed in triplicate and Was analyzed With other analyti 
cal samples. Cyclobenzaprine Was dissolved in PG at a 
concentration of approximately 2%. 

[0098] Dose Capture and Degradation Determinations 

[0099] Dose capture determinations Were conducted. The 
exact details may be found in Table 8, Which lists each 
experiment, the number of actuations, the solvent and vol 
ume used, and the results. Intact cyclobenzaprine Was cal 

ing that the degradation products had similar extinction 
coef?cients as the parent at the Wavelength of interest. 

[0100] The investigations indicated that an energy of 
greater than about 70 J Was required to aerosolize cycloben 
zaprine and minimize throat deposition. This Was further 
re?ned to a target resistance of 0.595 ohms to provide an 

energy input of about 73 J. Using these parameters, >95% of 
the cyclobenzaprine (runs 13-17), as compared to sham 
experiments, Was aerosolized and collected. Analysis of the 
samples from runs 13-17 indicated an average degradation 
of less than 0.3%. This Was in the form of multiple proposed 
degradation products. 

[0101] Based upon the reproducible effective aerosoliza 
tion and suitable particle size, it Was concluded that 
cyclobenzaprine Was a compound suitable for aerosoliza 
tion. 

[0102] Particle Size Determinations 

[0103] Aerosol particle size Was determined using the 
10-stage MOUDI operated at 30 L/min. See Table 9, Which 
lists each experiment, the number of actuations, the solvent 
and volume used, and the results. For the USP throat, 10 mL 
of sample solvent Was added and shaken thoroughly. Wall 
losses Were assessed by Washing the MOUDI Walls With a 
KimWipe dipped in sample solvent. The same sample sol 
vent Was used to Wash the Walls of all the stages. The 
collected samples Were analyzed using the assay method. 

[0104] A stage Was dropped for run 3 and the data from 
run 3 Was not used in the ?nal analysis. At the re?ned target 

resistance of 0.595 ohms (runs 1-6, excluding run 3), the 
energies Were approximately 71 J. This produced aerosols 
(FIG. 4) having an average MMAD of approximately 0.33 
microns. The average recovery for these experiments 
exceeded 93% and had throat depositions of less than 4%. 
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TABLE 8 

Dose capture and degradation determinations 

Air 
Formulation Target FloW Solvent Dose 

Run Formulation FloW Rate Resistance Energy Rate Number of and Capture Percent 
Number Cyclobenzaprine % (mg/sec) (ohms) (J) (L/min) Actuations Volume (%) Degradation 

1 2.0% 5 0.590 67.68 0.5 1 10 mL MP 38.32 ND 
2 2.0% 5 0.600 78.64 0.5 1 10 mL MP 202.88" ND 
3 2.0% 5 0.610 87.45 0.5 1 10 mL MP 109.93 ND 
4 2.0% 5 0.590 67.97 0.5 1 10 mL MP 36.58 ND 
5 2.0% 5 0.590 68.30 0.5 1 10 mL MP 44.81 ND 
6 2.0% 5 0.590 68.53 0.5 1 10 mL MP 42.17 ND 
7 2.0% 5 0.595 73.38 0.5 1 10 mL MP 98.10 ND 
8 2.0% 5 0.595 73.89 0.5 1 10 mL MP 90.47 ND 
9 2.0% 5 0.595 73.69 0.5 1 10 mL MP 90.75 ND 

10 2.0% 5 0.600 78.28 0.5 1 10 mL MP 101.97 ND 
11 2.0% 5 0.600 78.45 0.5 1 10 mL MP 98.83 ND 
12 2.0% 5 0.600 78.58 0.5 1 10 mL MP 97.73 ND 
13 2.0% 5 0.595 72.71 0.5 1 10 mL MP 96.73 0.31 
14 2.0% 5 0.595 73.94 0.5 1 10 mL MP 96.03 0.25 
15 2.0% 5 0.595 73.55 0.5 1 10 mL MP 96.34 0.04 
16 2.0% 5 0.595 73.71 0.5 1 10 mL MP 95.42 0.23 
17 2.0% 5 0.595 73.34 0.5 1 10 mL MP 96.53 0.37 
18 2.0% 5 0.600 77.25 0.5 1 10 mL MP 95.42 0.36 

MP—mobile phase 
ND—not determined 
aValue believed to be elevated due to carry-over in capillary 

[0105] 

TABLE 9 

Particle size determination 

FloW Target Material Throat Wall 
Formulation Rate Resistance Energy MOUDI Number of Solvent and MMAD Balance Depositions Losses 

Run Number Cyclobenzaprine % (mg/sec) (ohms) (J) Number Actuations Volume (microns) (%) (%) (%) 

1 2.0 5 0.595 70.19 368 1 10 mL MP 0.333 99.10 2.59 1.98 
2 2.0 5 0.595 70.19 369 1 10 mL MP 0.336 93.99 3.09 2.26 
3 2.0 5 0.595 70.94 370 1 10 mL MP 0.2562 61.982 4.892 1.992 
4 2.0 5 0.595 71.52 371 1 10 mL MP 0.330 92.04 3.45 0.81 
5 2.0 5 0.595 72.02 372 1 10 mL MP 0.329 91.03 3.39 1.12 
6 2.0 5 0.595 70.82 373 1 10 mL MP 0.343 93.48 5.55 2.33 

MP—mobile phase 
2Stage seven dropped 

Example 5 equipment at a target resistance of 0.2 ohms. This essentially 

[0106] Zolpidem Aerosol 

[0107] A suitable aerosol Was generated using zolpidem 
(N,N,6-Trimethyl-2-(4-methylphenyl)-imidazo[1,2-a]pyri 
dine-3-acetamide) dissolved in propylene glycol (PG). 
Experiments Were performed to determine if a chemically 
stable 0.5 pm zolpidem aerosol could be generated using a 
28 gauge, 44 mm long steel capillary using a How rate of 5 
mg/sec. The aerosol particle size Were determined and 
chemical stability of zolpidem in the generated aerosol Was 
evaluated. Zolpidem Was purchased from Sigma Aldrich 
Chemical Co. Propylene glycol Was purchased from DoW 
Chemical Co. 

[0108] Sham Determinations 

[0109] Sham determinations Were performed for each set 
of experiments to determine an “expected” amount of active 
per CAG activation. This Was performed by running the 

pumped out the solution of zolpidem in PG as a liquid 
instead of an aerosol. This Was collected on a KimWipe 
Which Was placed into sample solvent and sonicated. This 
process Was performed in triplicate and Was analyzed With 
other analytical samples. Zolpidem Was dissolved in PG at 
a concentration of approximately 0.2%. 

[0110] Dose Capture and Degradation Determinations 

[0111] Dose capture determinations Were conducted. See 
Table 10, Which lists each experiment, the number of actua 
tions, the solvent and volume used, and the results. Intact 
zolpidem Was calculated. The extent of degradation Was 
evaluated by assuming that the degradation products had 
similar extinction coefficients as the parent at the Wave 
length of interest. 

[0112] The experiments indicated that an energy of greater 
than about 75 J Was required to aerosolize zolpidem and 
minimize throat deposition. This Was further re?ned to a 
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target resistance of 0.600 ohms to provide an energy input of 
approximately 78 J. Using these parameters, >94% of the 
Zolpidem expected (runs 5-9), as compared to sham experi 
ments, Was aerosoliZed and collected. Analysis of the 
samples from runs 5-9 indicated an average degradation of 
less than 0.1%. This Was in the form of three proposed 
degradation products. The proposed degradation products 
Were also observed in the sham. 

[0113] Particle SiZe Determinations 

[0114] Aerosol particle siZe Was determined using the 
10-stage MOUDI operated at 30 L/min. See Table 11, Which 
lists each experiment, the number of actuations, the solvent 
and volume used, and the results. For the USP throat, 5 mL 
of sample solvent Was added and shaken thoroughly. Wall 
losses Were assessed by Washing the MOUDI Walls With a 
KimWipe dipped in sample solvent. The same sample sol 
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vent Was used to Wash the Walls of all the stages. The 
collected samples Were analyZed using the assay method. 

[0115] Early dose capture experiments indicated that 
Zolpidem could be aerosoliZed and captured. After deter 
mining energy requirements for aerosoliZing Zolpidem, par 
ticle siZe determinations Were performed (Table 11). At 
energies of approximately 75 J (runs 5-8), a small percent 
age of the recovered Zolpidem Was found on the throat. At 
the re?ned target resistance of 0.600 ohms (runs 5-8), the 
energies Were approximately 75 J. This produced aerosols 
(FIG. 5) had an average MMAD of approximately 0.45 
microns. The average recovery for these experiments 
exceeded 90% and had throat depositions of less than 4%. 

[0116] Based upon the reproducible effective aerosoliZa 
tion and suitable particle siZe, it Was concluded that Zolpi 
dem Was a compound suitable for aerosoliZation. 

TABLE 10 

Dose capture and degradation determinations 

Formulation Target Solvent Dose 
Run Formulation FloW Rate Resistance Energy Air FloW Number of and Capture Percent 

Number Zolpidem % (mg/sec) (ohms) (J) Rate (L/min) Actuations Volume (%) Degradation 

1 0.2 5 0.590 69.46 0 5 1 10 mL MP 40.80 ND 
2 0.2 5 0.600 78.08 0 5 1 10 mL MP 145.301 ND 
3 0.2 5 0.610 87.86 0 5 1 10 mL MP 100.14 ND 
4 0.2 5 0.610 93.11 0 5 1 5 mL MP 82.00 ND 
5 0.2 5 0.600 78.61 0 5 1 10 mL MP 97.31 0.26 
6 0.2 5 0.600 77.56 0 5 1 10 mL MP 100.64 0.02 
7 0.2 5 0.600 73.38 0 5 1 10 mL MP 94.35 0.00 
8 0.2 5 0.600 77.71 0 5 1 10 mL MP 107.09 0.03 
9 0.2 5 0.600 77.93 0 5 1 10 mL MP 97.43 0.16 

MP—mobile phase 
ND—not determined 
1Value believed to be elevated due to carry-over in capillary 

[0117] 

TABLE 11 

Particle size determination 

Target Solvent Material Throat Wall 

Run Formulation FloW Rate Resistance MOUDI Number of and MMAD Balance Deposition Losses 

Number Zolpidem % (mg/sec) (ohms) Energy (J) Number Actuations Volume (microns) (%) (%) (%) 

1 0.2 5 0.600 75.52 360 1 5 mL MP 0.404 101.56 0.21 0.90 

2 0.2 5 0.600 76.05 361 1 5 mL DDI 0.431 93.04 1.95 1.35 

3 0.2 5 0.590 66.10 362 1 5 mL DDI ND ND ND ND 

4 0.2 5 0.590 66.21 363 1 5 mL DDI 0.464 64.51 5.36 1.68 

5 0.2 5 0.600 76.00 364 1 5 mL MP 0.481 100.06 3.97 6.18 

6 0.2 5 0.600 75.57 365 1 5 mL MP 0.459 90.77 0.12 2.67 

7 0.2 5 0.600 74.97 366 1 5 mL MP 0.420 97.74 0.62 3.55 

8 0.2 5 0.600 74.96 367 1 5 mL MP 0.421 95.83 1.27 3.85 

DDI — deionized, distilled Water 

ND — not determined 
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Example 6 

Preferred Emitted Doses and Fine Particle Fractions 

[0118] In preferred embodiments, the emitted doses (i.e., 
the aerosolized dose) and the ?ne particle fractions of the 
emitted doses for buspirone, buprenorphine, triazolam, 
cyclobenzaprine and zolpidem are summarized in Table 12 
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7. The liquid aerosol formulation of claim 6, Wherein the 
cosolvent is selected from the group consisting of ethanol, 
Water, glycerol and diethyl ether. 

8. The liquid aerosol formulation of claim 6, Wherein the 
solubilizer is selected from the group consisting of ethanol, 
isopropanol, butanol, benzyl alcohol, ethylene glycol, 
butanediols and isomers thereof, glycerol, pentaerythritol, 

as folloWs: sorbitol, mannitol, transcutol, dimethyl isosorbide, polyeth 

TABLE 12 

Emitted Dose and Fine Particle Fraction 

Formulation Avg. Emitted Dose Emitted Dose Avg. FPF FPF Std 
Active (% W/v) per Actuation (mcg) Std Dev (% of Emitted) Dev Sample Size (n) # Actuations 

Buprenorphine 0.2 89.23 3.90 94.02 0.75 3 2 
Buspirone 2.0 1010.44 30.83 91.60 2.29 5 1 
Cyclobenzaprine 2.0 836.16 35.00 94.35 1.39 5 1 
Triazolam 0.1 46.46 3.03 86.16 8.58 4 2 
Zolpidem 0.2 92.55 4.01 93.25 3.73 4 1 

Sample size equals the number of runs used to determine the average data. 
# actuations equals the number of 10 second actuations of the device used in each run. 
FPF — ?ne particle fraction, the percent of total dose collected less than 5.6 microns. 

[0119] The above-described exemplary modes of carrying 
out the invention are not intended to be limiting. It Will be 
apparent to those of ordinary skill in the art that modi?ca 
tions thereto can be made Without departure from the spirit 
and scope of the invention as set forth in the accompanying 
claims. 

[0120] For instance, While a heated capillary tube has been 
described as the preferred construction of the capillary 
passage, the capillary passage can comprise one or more 
channels in a laminate having a heater arranged along the 
channel(s), multiple capillary tube arrangements, a passage 
having a heater located inside the passage, coaxial arrange 
ments including an annular channel for ?uid ?oW, or the like. 

What is claimed is: 
1. A liquid aerosol formulation comprising at least one 

thermally stable active ingredient selected from the group 
consisting of buspirone, buprenorphine, triazolam, 
cyclobenzaprine, zolpidem, pharmaceutically acceptable 
salts and esters thereof and derivatives thereof. 

2. The liquid aerosol formulation of claim 1, further 
comprising an organic solvent. 

3. The liquid aerosol formulation of claim 2, Wherein the 
organic solvent is a short chain (C1-C6) alcohol. 

4. The aerosol formulation of claim 3, Wherein the short 
chain (C1-C6) alcohols are selected from the group consist 
ing of glycerin, ethylene glycol, diethylene glycol, propy 
lene glycol, n-propyl alcohol, isopropyl alcohol, butanol, 
ethanol, sorbitol, dipropylene glycol, tripropylene glycol, 
and hexylene glycol. 

5. The liquid aerosol formulation of claim 2, further 
comprising at least one pharmaceutically acceptable excipi 
ent. 

6. The liquid aerosol formulation of claim 5, Wherein the 
pharmaceutically acceptable excipient is selected from the 
group consisting of antioxidants, stabilizing agents, ?avor 
ing agents, solubilizers, cosolvents, preservatives and com 
binations thereof. 

ylene glycol, polypropylene glycol, polyvinylalcohol, 
hydroxypropyl methylcellulose and other cellulose deriva 
tives, cyclodextrins and cyclodextrin derivatives, and mix 
tures thereof. 

9. The liquid aerosol formulation of claim 1, Wherein the 
formulation contains 0.01 to 5% by Weight of the thermally 
stable active ingredient. 

10. The liquid aerosol formulation of claim 2, Wherein the 
thermally stable active ingredient comprises buspirone and 
the organic solvent is propylene glycol. 

11. The liquid aerosol formulation of claim 2, Wherein the 
thermally stable active ingredient comprises buprenorphine 
and the organic solvent is propylene glycol. 

12. The liquid aerosol formulation of claim 2, Wherein the 
thermally stable active ingredient comprises triazolam and 
the organic solvent is propylene glycol. 

13. The liquid aerosol formulation of claim 2, Wherein the 
thermally stable active ingredient comprises cyclobenza 
prine and the organic solvent is propylene glycol. 

14. The aerosol formulation of claim 2, Wherein the 
thermally stable active ingredient comprises zolpidem and 
the organic solvent is propylene glycol. 

15. A method of generating an aerosol comprising sup 
plying a liquid aerosol formulation to a How passage, 
heating the liquid aerosol formulation in the How passage so 
as to volatilize a liquid component thereof and form a vapor 
Which exits from an outlet of the How passage, and contact 
ing the vapor With a gaseous medium so as to form an 
aerosol, Wherein the liquid aerosol formulation includes at 
least one thermally stable active ingredient selected from the 
group consisting of buspirone, buprenorphine, triazolam, 
cyclobenzaprine, zolpidem, pharmaceutically acceptable 
salts and esters thereof. 

16. The method of claim 15, Wherein the gaseous medium 
comprises air and the aerosol comprises particles of the 
propylene glycol having an MMAD of less than 3 pm. 

17. The method of claim 15, Wherein the liquid aerosol 
formulation further includes at least one thermally stable 
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active ingredient and the aerosol comprises particles of the 
thermally stable active ingredient having an MMAD of less 
than 3 pm. 

18. The method of claim 17, Wherein the thermally stable 
active ingredient comprises buspirone and the aerosol com 
prises buspirone particles having an MMAD of less than 3 
pm. 

19. The method of claim 17, Wherein the thermally stable 
active ingredient comprises buprenorphine and the aerosol 
comprises buprenorphine particles having an MMAD of less 
than 3 pm. 

20. The method of claim 17, Wherein the thermally stable 
active ingredient comprises triaZolam and the aerosol com 
prises triaZolam particles having an MMAD of less than 3 
pm. 

21. The method of claim 17, Wherein the thermally stable 
active ingredient comprises cyclobenZaprine and the aerosol 
comprises cyclobenZaprine particles having an MMAD of 
less than 3 pm. 

22. The method of claim 17, Wherein the thermally stable 
active ingredient comprises Zolpidem and the aerosol com 
prises Zolpidem particles having an MMAD of less than 3 
pm. 

23. The method of claim 15, Wherein the flow passage is 
a capillary siZed flow passage and the aerosol is formed in 
a mouthpiece of a handheld inhaler. 

24. The method of claim 15, Wherein the liquid aerosol 
formulation contains at least one thermally stable active 
ingredient and the aerosol includes particles of the thermally 
stable active ingredient having an MMAD of 0.1 to 2.5 pm. 

25. The method of claim 15, Wherein the flow passage is 
heated by a resistance heater located in a handheld inhaler, 
the inhaler including a poWer supply and control electronics 
Which controls supply of electrical poWer to the heater as a 
function of a resistance target in a range of 0.5 to 1 ohm. 
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26. An aerosol generator comprising: 

a flow passage adapted to receive a liquid aerosol gener 
ating formulation from a liquid supply, the liquid 
aerosol formulation comprising at least one thermally 
stable active ingredient selected from the group con 
sisting of buspirone, buprenorphine, triaZolam, 
cyclobenZaprine, Zolpidem, pharmaceutically accept 
able salts and esters thereof and derivatives thereof; 

a heater operable to heat the liquid formulation in at least 
a portion of the flow passage sufficiently to vaporiZe the 
liquid formulation and generate an aerosol containing 
the active ingredient. 

27. The aerosol generator of claim 26, Wherein the aerosol 
generator comprises a hand-held inhaler having a mouth 
piece, the ?oW passage comprising a capillary siZed flow 
passage having an outlet in ?uid communication With an 
interior of the mouthpiece. 

28. The aerosol generator of claim 26, Wherein the heater 
is a resistance heater comprising a section of a metal 
capillary tube and the flow passage comprises the interior of 
the metal capillary tube. 

29. The aerosol generator of claim 26, Wherein the aerosol 
generator comprises a hand-held inhaler having a poWer 
supply and control electronics Which controls supply of 
electrical poWer to the heater as a function of a control 
parameter selected to achieve boiling of the liquid formu 
lation in the flow passage. 

30. The aerosol generator of claim 26, Wherein the liquid 
supply comprises a reservoir containing the liquid formula 
tion under a pressure of no greater than about atmospheric 
pressure. 


